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1、分别采用交流和直流电化学刻蚀的方法刻蚀 Pt-Ir 丝和 Au 丝，优化条件，制




































三、胶束协助法一步合成晶态的 PANI/Au 纳米复合结构 
1、为了构筑功能化纳米电极，首先在溶液中制备具有电催化活性的 PANI/Au 纳
米复合结构。利用 SDS 胶束/水界面，以及氯金酸一步氧化聚合的办法首次
得到单晶的 PANI/Au 纳米复合结构和多边形 Au 纳米粒子。 
2、SDS 胶束/水界面对形成单晶的 PANI/Au 纳米复合结构起着重要作用。首先，
苯胺的阳离子被限制在 SDS 的胶束界面上，苯胺的氨基朝向水溶液，而苯环




四面体的 PANI/Au 纳米复合结构。 






























































Since their introduction to electrochemistry and electroanalytical chemistry about 
15 years ago, nanoelectrodes have led to unprecedented advances in electrochemical 
science. Nanoelectrodes have a lot of advantages including small current, quick mass 
transport rate, spatial and temporal benefits. All these advantages enable 
nanoelectrodes to lower voltammetric time scales, explore small space and measure 
the quick electron transfer reaction. When the electrode’s critical dimension is further 
decreased to the same order as the molecular size, the experimental behavior starts to 
deviate from extrapolation of behavior at larger electrodes by the influence of 
electrostatic fields, absorbed molecules and fringe effects. Beside, some other nano 
effect, such as quantum size effects, will influence the behavior of nanoelectrodes.   
In this thesis, our works focused on the fabrication of metallic nanoelectrodes and 
functional nanoelectrodes. Then those nanoelectrodes were used to probe the electron 
transfer reaction at nanoscale dimension and applied to biological sensors. Firstly, the 
fabrications of nanoelectrodes were improved. Pt-Ir nanoelectrodes and Au 
nanoelectrodes with different radii were preparation. The Pt-Ir nanoelectrodes were 
used to study the electron transfer reaction at nanoelectrodes. A new and simple 
method to obtain the electron transfer standard rate constant was proposed. Using this 
method, electron transfer rate constant for two redox species were evaluated. The 
electron transfer rate constants at nanoelectrodes show a dependence on the 
nanoelectrode radius. Subsequently, based on the benefits of nanoelectrodes in the 
spatial resolution, the Au nanoelectrodes were modified to fabricate functional 
nanoelectrodes. The crystalline PANI/Au nanocomposites, which were synthesized by 
the micelle-assisted one step method, were deposited at the nanoelectrodes by a 
surface-graft polymerization method to fabricate a desired dopamine nanosensor. The 
performances of this dopamine nanosensor were also studied. 
The main results from those studies are summarized as follows: 
1. The fabrication of nanoelectrodes  















applied to prepare Pt-Ir nanotips and Au nanotips, respectively, under optimized 
experimental conditions. The Pt-Ir nanotips and Au naotips with slick surfaces, 
optimized length to width and radii have been obtained. 
(2) Various kinds of electrophoresis paint have attempted to insulate the tips and thus 
to form nanoelectrodes with different radii. 
 
2. Determination of electrochemical electron transfer reaction standard rate constants 
at nanoelectrodes 
(1) The mass transport rates at nanoelectrodes are very high. These can induce 
significant charge separation in the depletion layer so that the electroneutrality 
assumption becomes invalid and the equilibrium distribution of ions in the double 
layer is broken. Therefore, the microelectrode theory for extracting the electron 
transfer reaction rate constant form steady-state voltammograms is invalid for 
nanoelectrodes. 
(2) In order to confirm origin of the abnormal electron transfer reaction rate constant, 
it shall be an appropriate method to obtain electron transfer reaction rate constant 
at nanoelectrode. We considered the influence of the interfacial potential 
distribution at nanoelectrodes. We estimated the magnitude of the error at low 
overpotential incurred as a result of ignoring the absence of electroneutrality and 
found that it was small. In this region, the electron transfer rate constant can be 
obtained from steady state voltammogram data in a low overpotential region 
according to an approximate form of the Butler-Volmer equation. 
(3) Using this method, the electron transfer rate constants for Fe(CN)63-/Fe(CN)64-and 
FcTMA2+/FcTMA+ at Pt-Ir nanoelectrodes were evaluated. They showed a 
dependence on the electrode radius. 
 
3. Crystalline PANI/Au nanocomposites obtained by micelle-assisted one-step 
synthesis 
(1) We synthesized single crystalline PANI/Au nanocomposites and Au nano particles 















(2) SDS plays a key role in achieving these single crystalline nanocomposites. Firstly, 
the anilinium ion was located in the out region of the micelle. The electrostatic 
repulsion between anionic micellar surface and anionic chloroaurate ions will 
result a slower reaction rate. Second, the secondary growth was suppressed and 
avoided forming disorder structure. In addition, no radicals reside in aqueous 
phase and the partition of SDS molecules prevents aggregating together in one 
micelle. Therefore, the reaction was performed when micelles collided. 
Considering steric hindrance, the final shape of PANI/Au nanocomposite was 
tetrahedron. 
(3) The PANI with higher crystallinity and existing of Au nanoparticles in PANI help 
to improve the conductivity of PANI.   
 
4. Fabrication of a PANI/Au nanocomposite modified nanoelectrode for sensitive 
dopamine nanosensor design 
(1) We firstly describe the use of surface-graft polymerization method to modify Au 
nanoelectrodes with PANI/Au nanocomposite for preparing dopamine sensors 
down to nanoscale dimensions. With this simple method, the nanocomposites 
firmly adhered on the electrode surface and the modified nanoelectrode still had a 
sharp tip, which means it had a good spatial resolution.  
(2) The electrochemical measurement shows the PANI/Au nanocomposite modified 
film has a good and stable redox activity in neutral solution. The modified 
nanoelectrode exhibits the excellent electrocatalytic activity towards the 
oxidations of ascorbic acid and dopamine in phosphate buffer solution. The 
separation of anodic peak potential of dopamine and ascorbic acid reaches 250 mV. 
Dopamine can be selectively determined in the presence of ascorbic acid. 
(3) Dopamine can be selectively determined in the presence of thousands times higher 
concentration of ascorbic acid with a wide linear range form 200 to 0.3 µM and 
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